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SPECIFICATIONS 

1. Title of the Invention 

Cylindrical Sofid Electrolyte Fuel CeH 

2. Claims 

A cylindrical solid electrolyte fuel cell in which the cell consists of at least fliel 
electrodes that are formed as tubes, solid electrolytes and air electrodes that are 
layered diametrically as a plurality of layers of thin membranes, the fuet 
iriecfrdde9~ahd the afi^ecrtrbdWbeing provided with current collection means, 
such cylindrical solid electrolyte fuel cell possessing a cylindrical fuel electrolyte 
tube that possesses the functions of a mixed metal ceramic porous membrane 
fuel electrode, the fuel electrode tube possessing a metallic current accumulator 
part on the inner circumference thereof and the metal and ceramic mixture being 
inclined towards the direction of the thickness and serving as both a current 
collection means and a support means. 

3. Detailed Description of the Invention 
Relevant area of Industry 

This invention relates to a vertically layered type solid electrolyte fuel cell (SOFC), and 
more particularly to a structure in which the fuel electrode tube serves both as a current 
collection means and as a support means. 

Prior art 

In solid electrolyte type fuel cells, stabilized zirconfca (YSZ) In which yttria is present in 
solid solution in a zirconla ceramic is employed as the solid ion conductor, and the cell 
is formed by enclosing the electrolyte between a fuel electrode and an air electrode. 
When such stabilized zirconla is heated to 1000" C, it possesses the characteristics of 
becoming highly permeable to oxygen Ions, exhibiting virtually no electron conductivity 
and being impermeable to oxygen and hydrogen gas and so forth, and hence these 
characteristics are employed In electrolytes. In this case, while the Ion permeability Is 
high. It is low when compared with other methods, and hence the solid electrolytes are 
formed in very thin membranes. This has the advantages that all the structural 
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elements are thus solid and hence the structure of the cell Is simplified, and because ft 
operates at high temperatures, the electrode reactions are very active and efficient, and 
no catalyst and so forth is required. 

On the other hand, because the solid electrolyte operates at 1000° C, the air electrode 
and fuel electrode must also operate in such high temperature atmospheres, and are 
subject to me effects of heating to high temperatures, strong oxidation and reduction 
reactions and thermal expansion and so forth. The air electrode should be chemically 
stable in a high temperature oxygen atmosphere, exhibit high electron conductivity, 
exhibit good oxygen gas permeability, and should be compatible to the thermal 

. expansion, of the electrolyte, and fot-example perovskite type comptexHanthanlde 

oxides are employed to form thin porous membranes that satisfy these requirements. 
The fuel electrode should exhibit good electron conductivity and should be compatible 
to the thermal expansion of the electrolyte, and should provide good combustion 
reaction with hydrogen and the reaction products thereof should be well eliminated, and 
hence for example cermets of mixture of metallic nickel and zlrconia are employed to 
form thin porous membranes. Moreover, ceramics that are stable at high temperatures 
and exhibit good conductivity are also employed for the Interconnected that link 
pluralities of cells. 

When cells are in fact constructed of such solid ceramic electrolytes and two electrodes 
and so forth, for example porous insulating supports that provide mechanical support 
with a pluraBty of layers of different types of thin membranes layered thereon are 
employed to form integrated three-layered membranes. Various spray and 6 lurry 
methods are employed in order to meet the differing requirements for each of the 
membranes when thin membrane structures are employed 

Figure 3 illustrates an example of a tubular striped solid electrolyte fuel cell of the prior 
art. The fuel cell 1 possesses a porous insulating cylindrical supporting tube 2 formed 
of alumina and zlrconia, and long single cells 3 are disposed axiaDy upon the supporting 
tube 2. The air electrode 4 of a porous membrane of complex oxides is formed in the 
innermost part of the supporting tube 2, the solid electrolyte 6 of stabilized zlrconia is 
formed on the outer circumferential surface of the air electrode 4, and the fuel electrode 
of a porous membrane of a cermet of nickel and zlrconia is formed at the outermost part 
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of the outer circumferential surface of the soCd electrolyte 5 to form an integrated three- 
layered membrane. 

Moreover, an interconnector 7 of a ceramic having good conductivity is formed over the 
entirety of a portion of the outer circumferential surface of the air electrode 4 and is 
exposed to the exterior, end metallic current collectors a and 9 are In contact 
respectively with the interconnector 7 and the outermost fuel electrode 9 In order to 
form the outer current collecting circuit The mstalUc current collectors 8 and 9 connect 
the fuel electrodes 6 P and the interconnect T respectively of other cells. Thus the 
overall fuel cell 1 consists of thin cylindrical cells 3 arranged in vertical stripes. 



When the fuel cell 1 operates, the cells 3 are in an atmosphere at 1000° C and the 
oxygen In the air Inside the supporting tube 2 and the hydrogen and so forth of the 
surrounding fuel are continuously supplied. In the air electrode 4, the oxygen reacts 
with and Is ionised by the electrons that flow through the outer circuit and the oxygen 
Ions pass through the solid electrolyte 6 and reach the fuel electrode 6. In the fuel 
electrode 6, the oxygen Ions combine with the hydrogen to form electrons and water, 
and this electrochemical reaction generates electricity. In this case, the electricity from 
the cells 3 is collected in a hydrogen reducing atmosphere by the interconnected 7 and 
the metallic current collectors 8 and 9 and is extracted* 

Problems resolved by the present invention 

However. In such cells of the prior art, in particular the fuel electrode 6 Is a cermet of 
metallic nickel end zirconia in specified proportions and the metallic current collectors 8 
and 9 are simply in contact with the fuel electrode 6, and hence the current collection 
resistance is high, leading to a reduction in the output of the ceil. Moreover, the current 
collectors 8 and 9 are in contact with and link the adjoining cells such that operabiirty is 
poor and it is difficult to achieve uniform contact resistance. 

It has been thought that the formation of a metal or metalHc mixture upon the outer 
surfaces of the interconnector 7 end the fuel electrode 6 would reduce the current 
collection resistance of the air electrode 4 end the fuel electrode 6, but the problems 
remained that this would be structurally complex, and that the reduction of the contact 
resistance with other cells was not resolved. 
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The present invention takes account of these problems and It te an objective of the 
present invention to provide a structure in which the supporting tube, fuef electrode and 
current collector parts are improved, current collection resistance is reduced and the 
structure is simplified. 

Means employed in order to resolve the problems 

The present invention provides a cylindrical solid electrolyte fuel cell In which the cell 
consists of at least fuel electrodes that are formed as tubes, solid electrolytes and air 
electrodes that are layered diametrically as a plurality of layers of thin membranes, the 
fuel electrodes and the air electrodes being provided with current collection means, 

_such_cyllndrlc^ sofid _electroJyte fu&LseU possessing a cylindrical-fuel^ electrolyte-tube 

that possesses the functions of a mixed metal ceramic porous membrane fuel 
electrode, the fuel electrode tube possessing a metallic current accumulator part on the 
inner circumference thereof and the metal and ceramic mixture being inclined towards 
the direction of the thickness and serving as both a current collection means and a 
support means. 

Action 

In the present Invention having the constitution described above, the fuel electrode tube 
that possess a fuel electrode function possesses a metallic current collector part on the 
inner circumferential surface thereof, and the inclination function of the metai in the 
direction of the thickness causes alignment under heating in high temperature 
atmospheres. Thus when the cell Is operating, the electrons that are generated by the 
fueJ electrode tube are collected with low resistance in the axial direction. 

Moreover, when in high temperature atmospheres, the inclined function of the ceramic 
in the direction of the thickness links the solid electrolyte and the ceramic at high 
temperatures ensuring great adhesive strength and thermal compatibility between the 
solid electrolyte and the air electrode. Thus these three parts are firmly united over the 
entire circumferential and axial directions and the cell is supported in this Finked state 
and no supporting body is required. 

Practical Embodiment 

The following is a description of the present invention on the basis of the drawings. 
Figure 1 and Figure 2 show the overaH constitution of the cylindrical striped solid 
electrolyte fuel cell. 1 is the solid electrolyte fuel cell which possesses a relatively thick 
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cylindrical fuel electrode tube 10, with single ceils 3 being disposed In the fuel electrode 
tube 10. The fuel electrode tube 10 functions aa a fuel electrode In all axial directions 
which la formed Into porous membranes of cermet of mixed metallic nickel having good 
conductivity and stabilized zirconia which fits well under heat with the solid electrolyte 5. 
In this case, the fuel electrode tube te formed for example by spraying with the 
proportions of the materials in the mixture so controlled that there Is more stabilized 
zirconia at the outer circumference and more metallic nickel at the inner circumference 
with the material Inclined in the direction of the thickness so that a porous current 
collector 11 of nickel only is formed at the innermost circumference, which serves as 
both a current collector and a support. 



Next, the constitution of the cell 3 is described in which a solid electrolyte 5 that 
consists of stabilized zirconia is formed over the entire axial outer circumference of the 
saw fuel electrode tube 10, and en air electrode 4 that consists of a porous membrane 
of complex oxides is formed similarly on the outer circumference of the solid electrolyte 
5. In this way, the cylindrical fuel electrode tube 10, the solid electrolyte 6 and the afr 
electrode 4 form layers of thin porous membranes without spaces between them In the 
diametrical direction, effectively forming a single three-layered membrane. Thus, by 
reversing the dispositions of the fuel electrode 6 and the air electrode 4 from those of 
the prior art, hydrogen is supplied to the Inner fuel electrode tube 10 and oxygen from 
the air is supplied to the outer air electrode 4. 

On the other hand, because the constitution provides an external circuit that collects the 
current, a current collection ring 12 of metal is screwed Into one end of the Inner fuel 
electrode tube 10 in such a manner as to come Into contact with the Inner 
circumferential current collector part 11. Moreover, the current collection ring 13 
engages portion of the afr electrode 4, and the current collection rings 12 and 13 are 
linked to the other ceils by the connecting cable 14. 

Next, the action of the practical embodiment of the Invention Is described. First, when 
the fuel cell 1 is operating, the cell 3 forms a high temperature atmosphere at 1000° C 
and the fuel electrode tube 10, the solid electrolyte 6 and the air electrode 4 are heated 
to Hgh temperatures. The inclined function of the nickel in the direction of the 
thickness within the fuel electrode 10 ensures the thermal compatibiBty of the places of 
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contact wtth the nickel current collector part 11 and thus a strong bond strength is 
maintained without stripping and so forth even under such high temperatures. 

The places of contact between the fuel electrode tube 10 and the solid electrolyte S are 
places of contact between stabilized zirconia and stabilized zlrconla due to the incfined 
function of the stabilized zirconia in the direction of the thickness in the fuel electrode 
tube 10, and are thermally compatible. Moreover, the places of contact between the 
solid electrolyte 5 and the air electrode 4 are between ceramic and ceramic and are 
naturally thermally compatible. Thus the fuel electrode tube 10, the solid electrolyte S 
and the air electrode 4 are strongly Joined together over the entire circumferential and 

axial_directiQns _at _hrgfaL_ temperatures, _sucb joined Btate-supportinsMhe-ceil-3 and 

rendering supports and the tike unnecessary. 

Next, the hydrogen fuel and so forth in the interior of the fuel electrode tube 10 and the 
oxygen in Vie surrounding air are continually supplied, and the fuel electrode tube 10, 
the solid electrolyte 5 and the air electrode 4 react atectrochemicaily along their entire 
circumferential and axial directions, being multiple layers of thin membranes 
sandwiched axiaUy with no spaces between them. In Other words, in the high 
temperature atmosphere air electrode 4 the oxygen reacts vigorously with the electrons 
that flow through the outer circuit and Is Ionised and the ions pass through the high 
temperature atmosphere stabilized zirconia soOd electrolyte 5 due to its characteristics. 
The oxygen ions that have passed through the solid electrolyte 5 combine vigorously 
with the hydrogen at the fuel electrode tube 10, producing a combustion reaction that 
yields electrons and water, and efficiently generating electricity. 

At this time, electricity is generated along the entire axial area In the fuel electrode tube 
10 and the electrons are collected with low resistance by the inner circumferential nickel 
current collector part 11, and the electrons are extracted by means of the current 
collection ring 12 end the connecting cable 14. The connecting cable 14 and the 
current collection ring 1 3 conduct the electrons well in the air electrode 4. 

While the foregoing describes the present invention, fuel electrode tubes formed of 
different materials and possessing different structures may of course also be applied in 
a similar fashion. 
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Effects of the invention 

The present invention as described above provides a cylindrical solid electrolyte fuel 
cell which possesses a cylindrical fuel electrode tube which possesses the function of a 
porous membrane fuel electrode consisting of a mixture of metal and ceramic, and such 
fuel electrode tube being constituted with a metallic current collector part on the inner 
circumferential surface thereof, the current collection resistance in the axial direction on 
the fuel electrode side is greatly reduced. Moreover, the proportions of the mixture of 
the metal and the ceramic in the fuel electrode tube are inclined in the direction of the 
thickness and the solid electrode tube is so constituted as to closely join the solid 

electolytejhejm^ 

result that supports and so forth are unnecessary and the constitution of the cell Is 
simplified, and such simplification of the constitution reduces the manufacturing time 
and reduces costs. Because the fuel electrode tube b constructed of a metal and 
ceramic material, It is of low cost. Moreover, being cylindrical striped In form, the 
cylindrical fuel electrode tube, the sofid electrolyte and the air electrode form a multi- 
layer sandwich of thin porous membranes In the diametrical direction with no spaces 
between them, and thus provide increased efficiency of electricity generation, while 
because adjoining cells are linked by means of the current collector rings and 
connecting cables, when the cells are formed Into modules, they provide excellent 
operabiiity and reduced resistance. 

4. Simplified description of the drawings 

Figure 1 is a cross-sectional drawing illustrating a practical embodiment of the 

cylindrical solid electrolyte fuel cell envisaged by the present invention. 

Figure 2 is an oblique overall view of the same practical embodiment. 

Figure 3 is a cross-sectional drawing illustrating a cylindrical stripe type solid electrolyte 

fuel cell of the prior art 

Explanation of symbols 

1 Cylindrical solid electrolyte fuel cell, 3 Cell, 4 Air electrode, 5 Solid electrolyte. 10 Fuel 
electrode tube, 11 Current collector part 
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Figure 1 




Figure 2 




Figure 3 
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